Introduction
============

Functional gastrointestinal disorders (FGIDs) are disorders of gut-brain interaction, defined as gastrointestinal symptoms that are related to any combination of motility disturbance, visceral hypersensitivity, altered mucosal and immune function, altered gut microbiota, and altered central nervous system processing.[@b1-jnm-25-487] In addition, functional esophageal disorders are defined by chronic esophageal symptoms in the absence of identifiable structural, inflammatory, motor, or metabolic mechanism as the etiology.[@b2-jnm-25-487] Unlike other FGIDs, esophageal motor abnormalities, except ineffective esophageal motility and fragmented peristalsis, are not considered part of the multi-faceted presentation of a functional esophageal disorder. Rome IV criteria identified 5 functional esophageal disorders, including functional chest pain (FCP), functional heartburn, reflux hypersensitivity, globus, and functional dysphagia. Diagnosis of all functional esophageal disorders requires the exclusion of gastro-esophageal reflux disease (GERD), eosinophilic esophagitis, and a major esophageal motor disorder (vide infra).

FCP accounts for more than a third of the patients diagnosed with esophageal related noncardiac chest pain (NCCP). Other underlying mechanisms of esophageal related NCCP include GERD, esophageal dysmotility, psychological comorbidity, and less commonly eosinophilic esophagitis. After GERD, FCP is the second most common cause of NCCP. The pathophysiology of FCP is poorly understood, but most patients demonstrate increased mechano- or chemo-receptor sensitivity to esophageal distention or acid perfusion, respectively. This suggests the presence of esophageal hypersensitivity, which is defined as the perception of non-painful esophageal stimuli as being painful and painful stimuli as being more painful.[@b3-jnm-25-487]--[@b5-jnm-25-487] Central and to a lesser extent peripheral sensitization have been proposed as the underlying mechanisms of esophageal hypersensitivity. Other mechanisms responsible for the development of FCP include, altered central processing of intra-esophageal stimuli, hypervigilance, autonomic dysregulation, abnormal mechano-physical properties of the esophagus, and psychological comorbidity (panic disorder, anxiety, somatization, and depression) ([Table 1](#t1-jnm-25-487){ref-type="table"}).

Definition
==========

FCP is one of the underlying mechanisms of NCCP. NCCP is defined as recurrent chest pain that is indistinguishable from ischemic heart pain after a reasonable workup has excluded a cardiac cause.[@b6-jnm-25-487]

FCP is defined as retrosternal chest pain or discomfort, absence of associated esophageal symptoms such as heartburn and dysphagia, absence of evidence that GERD, eosinophilic esophagitis, and major esophageal motor disorder (achalasia, jackhammer esophagus, distal esophageal spasm, absent contractility, and esophagogastric junction outflow obstruction) are present. Prior diagnosis of FCP, cardiac cause should be first ruled out. Importantly, the definition of FCP requires that all other organic or functional esophageal causes have been excluded.

Criteria must be fulfilled for the past 3 months with symptom onset at least 6 months before diagnosis with frequency of at least once a week. Symptom frequency was determined based on findings of a normative survey designed by Rome IV among 1162 subjects without known gastroesophageal disorders who are representative of the United States adult population.[@b7-jnm-25-487]

The Rome IV definition of FCP differs from the definition of Rome III, by the exclusion of eosinophilic esophagitis, major esophageal motor disorders, and cardiac cause.[@b8-jnm-25-487] In addition, Rome III used the term FCP of presumed esophageal origin, which was shortened by Rome IV to FCP.

There are less than a handful of studies that have assessed the prevalence of FCP. Population-based studies reported that the prevalence of NCCP ranges between 19.0--33.0% in the general adult population.[@b9-jnm-25-487],[@b10-jnm-25-487] However, those prevalence rates include various esophageal disorders associated with chest pain such as GERD, eosinophilic esophagitis, esophageal motor disorders, and FCP. Fass and Dickman[@b11-jnm-25-487] have estimated that within the NCCP cohort, 50.0--60.0% have GERD, 15.0--18.0% esophageal dysmotility, and approximately 32.0--35.0% FCP. In a study that included 177 patients with NCCP, who were referred for esophageal motility testing and pH monitoring, Gomez et al[@b12-jnm-25-487] demonstrated esophageal motility disorders in 31.0% of the patients, abnormal esophageal acid exposure in 35.0% of the patients, and FCP in 33.0% of the patients. Overall, it appears that FCP accounts for at least a third of the patients presenting with NCCP.

Diagnosis
=========

Diagnosis of FCP requires the exclusion of non-esophageal and esophageal causes of chest pain. An initial evaluation of patients with chest pain should include a cardiac workup,[@b13-jnm-25-487] which the extent of it should be decided by a cardiologist. This recommendation is driven by the recognition that the morbidity and mortality of coronary artery disease far exceeds that of esophageal related causes of chest pain.

Medical history, pain characteristics, associated symptoms, and physical examination should help to exclude non-esophageal etiology for chest pain, such as pulmonary, pleural, pericardial, musculoskeletal, neurological, biliary, pancreatic, and psychiatric disorders.[@b13-jnm-25-487]

Thereafter, a diagnostic workup will discern the various esophageal causes for NCCP, including GERD, major esophageal motor disorders, eosinophilic esophagitis, and FCP.[@b14-jnm-25-487] All patients should be evaluated for psychological comorbidity, preferably by a psychiatrist or psychologist with expertise in the area of FGIDs. It should be emphasized that NCCP could be one of the presenting symptoms of panic disorder, which accounts for up to 41.0% of the emergency department visits for chest pain that is not due to cardiac cause.[@b15-jnm-25-487],[@b16-jnm-25-487]

The workup for NCCP-related esophageal disorders include, proton pump inhibitor (PPI) trial, endoscopy with esophageal biopsies, reflux testing, and high-resolution esophageal manometry ([Table 2](#t2-jnm-25-487){ref-type="table"}).[@b17-jnm-25-487] If all of the aforementioned tests are unremarkable, then FCP is the likely etiology for patient's symptoms. Thus, establishing the diagnosis of FCP based on the Rome IV criteria requires a series of invasive tests and a therapeutic trial. [Figure](#f1-jnm-25-487){ref-type="fig"} summarizes the current management of FCP as was endorsed by the Rome IV functional esophageal disorders committee.

Proton Pump Inhibitor Trial
---------------------------

It has been demonstrated that between 10.0--42.0% of the NCCP patients have erosive esophagitis on upper endoscopy and 21.0--53.0% an abnormal esophageal acid exposure on reflux testing.[@b13-jnm-25-487] Consequently, a PPI trial is indicated as the first step in the diagnosis algorithm of FCP ([Figure](#f1-jnm-25-487){ref-type="fig"}). The PPI trial could be delivered as an empirical PPI therapy or as a PPI test.

Thus far, 2 PPI therapeutic trials in NCCP have been reported in the literature. In one study, 34 patients with NCCP were randomized to receive either omeprazole 20 mg twice daily or placebo for a period of 8 weeks.[@b18-jnm-25-487] Patients receiving omeprazole demonstrated a significant symptom improvement (81.0%) as compared to those receiving placebo (6.0%, *P* = 0.001). In addition, patients receiving omeprazole showed a significant improvement in chest pain severity and decrease in fraction of days with chest pain as compared with placebo (40.7 ± 8.1% vs 14.8 ± 8.2% and 39 ± 7.2% vs 10 ± 6.9%, respectively; *P* \< 0.05). In another double blind, parallel group, placebo-controlled trial, the authors randomized 599 NCCP patients to either esomeprazole 40 mg twice daily versus placebo.[@b19-jnm-25-487] Overall, treatment with esomeprazole was more effective than placebo (33.0% vs 25.0%, *P* = 0.035) with the number needed to treat of 12.

Another type of a PPI trial would be the PPI test, defined as a short course of high dose PPI therapy.[@b20-jnm-25-487] The doses used in PPI test trials depended on the type of PPI utilized and included, 40--80 mg for omeprazole, 30--90 mg for lansoprazole, 40 mg for rabeprazole, and 40 mg for esomeprazole over a duration of 1--28 days (mostly for 1--2 weeks).[@b21-jnm-25-487]--[@b34-jnm-25-487] The sensitivity and specificity of the PPI test in different studies ranged from 69.0--95.0% and 67.0--86.0%, respectively. Overall, the PPI test is a simple, highly sensitive, and cost effective test for diagnosing GERD-related NCCP.

Upper Endoscopy
---------------

Diagnosis of FCP requires an upper endoscopy and if the esophageal mucosa is normal then biopsies should be obtained to rule out eosinophilic or lymphocytic esophagitis.[@b2-jnm-25-487] In general, an initial workup with an upper endoscopy is commonly offered to patients with NCCP and alarm symptoms, such as dysphagia, odynophagia, anorexia, weight loss, and gastrointestinal bleeding.[@b11-jnm-25-487] In patients without alarm symptoms, the PPI test or empiric treatment with a PPI should be considered first, and in those who demonstrate lack of response to treatment then upper endoscopy with possible biopsies should be considered.[@b2-jnm-25-487]

In clinical practice, patients with NCCP commonly undergo an upper endoscopy as the first diagnostic test when referred to a gastroenterologist.[@b35-jnm-25-487] However, upper endoscopy has a variable rate of diagnostic yield in NCCP. Mucosal findings that are mostly consistent with acid peptic disorders can be found in 10.0--42.0% of the NCCP patients.[@b36-jnm-25-487]--[@b40-jnm-25-487] In the largest endoscopic study thus far of 3688 consecutive NCCP patients, the authors demonstrated esophageal anatomic findings in 44.0% of the patients.[@b35-jnm-25-487] They included hiatal hernia (28.6%), erosive esophagitis (19.4%), Barrett's esophagus (4.4%), stricture or stenosis (3.6%), and peptic ulcer (2.0%).

Esophageal neoplasia is rarely presented with chest pain alone. In one study of patients presenting with esophageal cancer, less than 1.0% reported chest pain solely.[@b41-jnm-25-487]

Overall, most NCCP patients, who undergo upper endoscopy, will demonstrate normal esophageal mucosa and upper gut anatomy. Biopsies to exclude eosinophilic or lymphocytic esophagitis should be performed in these patients. This recommendation is based on a study demonstrating that up to 14.0% of patients undergoing upper endoscopy for NCCP are found to have abnormal eosinophilic infiltrates on their esophageal biopsies.[@b42-jnm-25-487]

Reflux Testing
--------------

In patients with chest pains who demonstrated a negative response to a PPI trial and an unremarkable upper endoscopy with esophageal biopsies, reflux testing, and esophageal manometry are recommended as next diagnostic steps.[@b2-jnm-25-487] Diagnosis of FCP requires for the former test to be negative and the latter test not to demonstrate a major esophageal motor disorder.[@b43-jnm-25-487]

It is preferable that the reflux testing is performed off PPI treatment for at least 7 days with a wireless pH capsule, which can measure today esophageal acid exposure over a period of 96 hours. In places where the wireless pH capsule is not available, it could be substituted with ambulatory 24-hour esophageal pH monitoring or the pH-impedance test off PPI treatment.[@b13-jnm-25-487]

Studies using the ambulatory 24-hour esophageal pH test in patients with NCCP off PPI treatment have demonstrated that between 21.0--53.0% have an abnormal esophageal acid exposure, and between 12.0--50.0% have a positive correlation between their chest pain and acid reflux events.[@b44-jnm-25-487]--[@b55-jnm-25-487] The wireless pH capsule, which can provide an extended measurement of esophageal acid exposure for up to 96 hours, has been shown to increase the yield of the pH test in detecting GERD in NCCP patients. In one study there was a 10.0% gain in detecting abnormal esophageal acid exposure at least in one of the study days and 7.3% increase in the number of patients reporting chest pain during the 48-hour test.[@b56-jnm-25-487] In addition, the number of documented chest pain episodes doubled from 1 day to 2 days and there was a 21.0% increase in the number of patients with positive symptom association probability.

Very few studies evaluated the additional value that pH-impedance provides in NCCP patients over the other reflux testing modalities. The test was able to show that reflux episodes associated with chest pain were more likely to reach the proximal esophagus and had a longer volume clearance time than reflux episodes not associated with chest pain.[@b57-jnm-25-487] Interestingly, reflux events associated with chest pains were more often acidic. Another advantage of the pH-impedance test is the use of baseline mucosal impedance as a surrogate marker for mucosal permeability. In one study it was demonstrated that baseline mucosal impedance in the distal esophagus of patients with GERD-related NCCP was significantly lower than in subjects with non-GERD-related NCCP.[@b58-jnm-25-487] In contrast, there was no difference in baseline mucosal impedance values between the 2 groups in the proximal esophagus, although it was significantly lower than healthy volunteers. However, for diagnosing FCP, the pH-impedance test and metrics like basal mucosal impedance are currently not required.

Esophageal Manometry
--------------------

Assessment of esophageal function, using high-resolution esophageal manometry, should be pursued prior diagnosing FCP in NCCP patients with normal reflux testing. The purpose of the test is to exclude major esophageal motor disorders, including achalasia, esophagogastric junction outflow obstruction, absent contractility, distal esophageal spasm, and jackhammer esophagus.[@b2-jnm-25-487] The presence of ineffective esophageal motility or fragmented peristalsis does not exclude the diagnosis of FCP.

Studies have shown that most NCCP patients undergoing esophageal manometry (up to 70.0%) demonstrate normal esophageal function.[@b59-jnm-25-487]--[@b61-jnm-25-487] While hypercontractile esophageal motor disorders have been proposed to be the main underlying cause for esophageal related chest pain, studies have demonstrated that hypotensive esophageal motor disorders are the most common findings in NCCP patients undergoing esophageal manometry. Recently, Akinsiku et al[@b61-jnm-25-487] have demonstrated that hypotensive lower esophageal sphincter was the most common motility disorder identified by conventional manometry (27.3%), and ineffective esophageal motility was the most common esophageal motor disorder identified by high-resolution esophageal manometry (25.3%).

The nature of the relationship between identified esophageal motor disorder and chest pain remains to be elucidated. Importantly, patients rarely report chest pain during esophageal manometry, when these motor abnormalities are diagnosed.[@b11-jnm-25-487],[@b13-jnm-25-487] In addition, therapies aimed at improving the identified esophageal motor disorder in NCCP patients have not yielded consistent results.[@b13-jnm-25-487] Consequently, it has been hypothesized that the esophageal motility disorders diagnosed in NCCP patients may represent a marker for a general sensory-motor abnormality or possibly just an epiphenomenon.[@b13-jnm-25-487],[@b43-jnm-25-487]

Sensory Testing
---------------

The role of sensory testing in FCP has been scarcely studied. Some of the tests were introduced to reproduce patient's chest pain and others to assess for the presence of esophageal hypersensitivity.[@b62-jnm-25-487] However, the different sensory tests ([Table 3](#t3-jnm-25-487){ref-type="table"}) have not been standardized and various protocols have been used in different studies. Furthermore, the tests are invasive, uncomfortable and we are still devoid of any evidence that a positive test can direct a specific treatment or predict therapeutic outcome.[@b63-jnm-25-487]

The original acid perfusion test (Bernstein test) was intended to discriminate between cardiac and esophageal pain.[@b64-jnm-25-487] The test has been shown to be highly specific but with a relatively low sensitivity (7.0--60.0%). Later modifications to the test have converted it to a sensory testing, assessing for the presence of esophageal hypersensitivity.[@b65-jnm-25-487] Balloon distention was also originally introduced as a tool to discriminate between esophageal and cardiac pain with a limited sensitivity that ranged from 5.0--75.0%.[@b66-jnm-25-487],[@b67-jnm-25-487] Later, the technique has evolved to assess for the presence of esophageal hypersensitivity. However, as with the acid perfusion test, protocols were not standardized, and different equipment was used.[@b14-jnm-25-487] Moreover, the test is invasive, painful and has not been shown to predict therapeutic outcome.

Impedance planimetry, using dynamic balloon distensions, has been utilized in FCP to assess esophageal sensory thresholds and biomechanical properties.[@b68-jnm-25-487] In one study, the authors demonstrated that FCP patients have lower perception thresholds for pain, larger cross-sectional esophageal area, decreased esophageal wall strain, and reduced distensability.[@b68-jnm-25-487]

Electrical stimulation, thermal stimulation, and multimodal techniques that provide a battery of stimulation tests (electrical, acid, balloon, and thermal) have been used primarily as research tools to assess for esophageal hypersensitivity in NCCP patients.[@b69-jnm-25-487]

Psychological Evaluation
------------------------

Psychological comorbidity is very common in patients with FCP, affecting up to 75.0%.[@b70-jnm-25-487] Depression, anxiety, neuroticism, and hypochondrial behavior have been described in these patients.[@b2-jnm-25-487],[@b13-jnm-25-487],[@b70-jnm-25-487],[@b71-jnm-25-487] In addition, panic attacks are commonly associated with chest pain, driving patients to seek medical attention.

Psychological evaluation of patients with FCP is paramount for improving patient's response to any therapeutic intervention, increase their quality of life, and reduce perceived severity of the disease. If available, patients should be referred to a psychiatrist or a psychologist, with interest in FGIDs.

Treatment
=========

The treatment goals in patients with FCP are 2-fold; symptoms control and improvement in quality of life.[@b72-jnm-25-487] The therapeutic modalities include medications, primarily neuromodulators, alternative and complimentary medicine, and psychological intervention. There are very few therapeutic trials that only addressed FCP patients and thus most of the current therapeutic recommendations for this disorder are extrapolated from studies performed in NCCP patients.[@b73-jnm-25-487]

Neuromodulators are the mainstay of treatment for patients with FCP as they are for NCCP patients. They include tricyclic antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), adenosine antagonists, trazadone, serotonin (5-HT~3~) receptor antagonists, serotonin (5-HT~4~) receptor agonists, octreotide, gabapentin, pregabalin, and cannabinoid receptors agonist.[@b74-jnm-25-487] [Table 4](#t4-jnm-25-487){ref-type="table"} summarizes the neuromodulators that were studied in randomized controlled trials of patients with NCCP and FCP.

A systematic review of antidepressants therapeutic trials in NCCP patients have identified 6 randomized, placebo-controlled trials.[@b75-jnm-25-487] The medications analyzed were paroxetine (2 studies), sertraline, imipramine, venlafaxine, and trazodone (1 study each). The analysis showed a significant heterogeneity among the studies with several important study limitations. However, there was a statistically significant reduction in chest pain with sertraline (63.0% vs 15.0%, *P* = 0.020), imipramine (52.0% vs 1.0%, *P* = 0.030), and venlafaxine (50.0% vs 10.0%, *P* \< 0.001). Clinical global improvement also significantly improved in patients receiving venlafaxine, sertraline, paroxetine, and trazodone. The improvement in chest pain symptoms was independent of improvement in depression scores. The percentage of reported adverse effects was relatively high compared with the placebo group and was the reason for discontinuation of the trial in up to 53.0% of the patients. The study concluded that there was modest evidence for the benefit of antidepressants in reducing NCCP and improving patients' general health.

Tricyclic Antidepressants
-------------------------

TCAs are commonly used as neuromodulators in patients with FCP, despite the presence of only 2 randomized, double blind, placebo-controlled trials.[@b72-jnm-25-487] Most of the available data about their value in NCCP and FCP originates from retrospective, cohort studies. Overall, TCAs demonstrate an effect on esophageal pain in both healthy subjects and patients with esophageal disorders associated with chest pain.[@b74-jnm-25-487] The TCAs are composed from compounds that demonstrated different affinity to 4 receptors, noradrenalin, serotonin, histamine-1, and acetylcholine.[@b76-jnm-25-487] The main feature of TCAs, which is likely responsible for their analgesic effect is a variable combination of serotonin and noradrenalin reuptake inhibition effect.[@b77-jnm-25-487]

In 2 randomized, double blind, placebo controlled trails, imipramine was demonstrated to improve symptoms in NCCP patients. In the first study, imipramine 50 mg once daily was compared with clonidine 0.1 mg or placebo once daily.[@b78-jnm-25-487] Only imipramine demonstrated significant reduction in chest pain frequency (\~50.0%) and right ventricular sensitivity as compared with placebo. Both imipramine and clonidine significantly improved chest pain intensity as compared with placebo. Interestingly, there was no effect of any of the therapeutic arms on esophageal sensitivity to balloon distention. In a second randomized, double-blind cross over study, comparing imipramine 50 mg daily to placebo, the authors demonstrated that the total number of chest pain episodes was significantly lower in the imipramine group (n = 11) as compared to the placebo group (n = 21, *P* = 0.01) after 5 weeks of treatment.[@b79-jnm-25-487] However, there was no change in any of the quality of life domains assessed, likely due to a very high incidence rate of side effects with imipramine as compared with placebo (83.0% vs 44.0%, *P* = 0.010). In another study, patients with FCP were randomized, using an open label design, to rabeprazole 20 mg daily plus low dose amitriptyline 10 mg at bedtime versus double dose rabeprazole 20 mg.[@b80-jnm-25-487] After 8 weeks of treatment, 71.0% of those receiving rabeprazole plus amitriptyline demonstrated greater than 50.0% global symptom improvement as compared with 26.0% of the patients receiving double dose rabeprazole (*P* = 0.008). Furthermore, those that received the amitriptyline also showed a significantly greater improvement in scores of bodily pain and general health perception as compared to the double dose rabeprazole group (*P* = 0.031 and *P* = 0.010, respectively).

In functional esophageal disorders and specifically in FCP, TCAs are often given in non-mood-altering doses and at bed time (improve sleep experience).[@b81-jnm-25-487] The initial dose range that has been reported in the literature is between 10 mg to 50 mg daily and maximal dose range is between 25 mg to 150 mg daily. Our TCA dosing approach in FCP patients has followed the rule of "low and slow." Starting dose is commonly 10--25 mg at bedtime and may increase by 10--25 mg increments every week for up to 50--75 mg daily.[@b74-jnm-25-487] TCAs may be combined with SSRIs. If one TCA does not improve patient's symptoms then another TCA can be used, because of the different affinity TCAs demonstrate to their respective receptors. If side effects develop then a lower dose of the same TCA or another TCA can be entertained.

Side effects are very common and may develop in 30.0--100.0% of the patients receiving TCAs.[@b82-jnm-25-487] The side effects of TCAs are often related to the receptors to which they demonstrate the most affinity. Tertiary amines (amitriptyline, imipramine, etc) are more commonly associated with side effects as compared with secondary amines (nortriptyline, desipramine, etc) due to greater receptor affinity.[@b74-jnm-25-487] Side effects of TCAs include dizziness, somnolence, drowsiness, lightheadedness, jittery feeling, weakness, urinary retention, dry mouth, constipation, blurred vision, flushing, orthostatic hypotension, confusion, mental status change, sexual dysfunction, arrhythmias, and weight gain.[@b74-jnm-25-487],[@b81-jnm-25-487] TCAs should be prescribed with caution in elderly male patients, especially those with benign prostate hypertrophy and patients with cardiovascular disease. TCAs should be avoided in patients with cardiac bundle branch block or prolonged QT interval.[@b77-jnm-25-487] The somnolence effect of TCAs has been used to improve patient's sleep experience, which has been shown to be analgesic and thus part of FCP management.

Selective Serotonin Reuptake Inhibitors
---------------------------------------

This class of drugs selectively blocks the presynaptic serotonin transporter and thus boosts serotonin neurotransmission.[@b77-jnm-25-487] There are 4 randomized, placebo-controlled trials using SSRIs in patients with NCCP or FCP. Paroxetine was evaluated in 2 double blind placebo-controlled trials. In the first study, NCCP patients were randomized to paroxetine versus placebo. After 8 weeks of treatment, those receiving paroxetine demonstrated significant improvement in the clinical global impressions scale as compared to those receiving placebo.[@b83-jnm-25-487] Both paroxetine and placebo-treated patients improved to a similar extent on self-related pain measures. In the second study, patients were randomized to paroxetine or placebo in a double-blind fashion and cognitive behavioral therapy (CBT).[@b84-jnm-25-487] In this study, CBT was significantly better as compared to paroxetine or placebo in reducing pain and heart focused anxiety.

Sertraline, at doses of 50 mg to 200 mg, depends on the clinical response, significantly reduced chest pain scores (*P* = 0.020), with chest pain scores decreasing by approximately 0.2 units for each week of the study.[@b85-jnm-25-487] In addition, the SF-36 sub scores of general health, also significantly improved at the end of treatment period. In another study, NCCP patients undergoing coping skills training either alone or with sertraline demonstrated a significant reduction in pain intensity and pain unpleasantness as compared with sertraline or placebo alone.[@b86-jnm-25-487] The combination of coping skills training and sertraline was found to also reduce pain catastrophizing and anxiety.

A meta-analysis of all randomized controlled trials comparing SSRIs to placebo in patients with NCCP demonstrated that SSRIs were not superior to placebo in improving chest pain or depression symptoms.[@b87-jnm-25-487] The authors pointed out to the need of larger trials with longer follow-up periods.

SSRIs may be associated with a variety of side effects, including nausea, vomiting, anorexia, diarrhea, decreased libido, delayed ejaculation, somnolence, insomnia, drowsiness, fatigue, headache, restlessness, and hyperhidrosis.[@b74-jnm-25-487] The rate of side effects may be as high as 74.0%.[@b75-jnm-25-487] In NCCP patients, sertraline can be given in doses ranging from 50 mg to 200 mg and paroxetine in doses ranging from 5 mg to 50 mg.[@b81-jnm-25-487] In a recent Rome foundation working report, the authors pointed out that SSRIs have shown some benefit for esophageal pain.[@b77-jnm-25-487]

Serotonin Noradrenaline Reuptake Inhibitors
-------------------------------------------

The SNRIs have variable blocking effect on the reuptake of serotonin and noradrenalin and thereby on boosting of serotonin and noradrenalin neurotransmission.[@b77-jnm-25-487] Due to lack of anti-muscarinic effect and affinity to histamine receptors in the brain, this class of drugs has less undesirable side effects.[@b88-jnm-25-487] Venlafaxine, the first SNRI to be marketed, at doses of up to 222 mg act only as a potent serotonin reuptake inhibitor.[@b89-jnm-25-487] In a randomized, double-blind placebo-controlled trial, venlafaxine 75 mg at bedtime was compared with placebo in relieving symptoms of FCP patients.[@b90-jnm-25-487] The study demonstrated that 52.0% of the FCP patients receiving venlafaxine as compared with 4.0% of those receiving placebo, reported symptom improvement by more than 50.0% (*P* \< 0.001).

Side effects of venlafaxine include sleep disturbances, anorexia, nausea, dry mouth, somnolence, dizziness, and abnormal ejaculation. Venlafaxine is contraindicated in patients who are concomitantly treated with monoamine oxidase inhibitors.

Other Neuromodulators
---------------------

Several other neuromodulators were assessed, either in a randomized controlled trial or retrospective design, in NCCP patients. Trazadone, a serotonin modulator, was shown to be effective in treating patients with NCCP and esophageal motor disorders.[@b91-jnm-25-487],[@b92-jnm-25-487] However, with the new Rome IV criteria, many of these patients would not have been considered as having FCP because of the presence of major esophageal motor disorder. Ondansetron, a serotonin (5-HT~3~) receptor antagonist, has been shown to increase perception thresholds for pain in NCCP patients, but its effect on NCCP symptoms was not studied.[@b93-jnm-25-487]

Theophylline, an adenosine antagonist, has been shown to increase perception thresholds for pain in patients undergoing esophageal balloon distension.[@b94-jnm-25-487],[@b95-jnm-25-487] In a randomized placebo-controlled trial, the authors demonstrated that theophylline 200 mg twice daily was significantly better compared to placebo in reducing symptoms (58.0% vs 6.0%, *P* \< 0.02), chest pain episodes (*P* = 0.025), duration of symptoms (*P* = 0.002), and severity of symptoms (*P* = 0.031).[@b94-jnm-25-487] Theophylline is not commonly used anymore, primarily due to its side effect profile.

Dronabinol, a synthetic agonist of both cannabinoid receptors CB1 and CB2, has been shown to have a visceral anti-nociceptive effect.[@b96-jnm-25-487] A study which included 19 FCP patients, demonstrated that 10 of them, who received dronabinol 5 mg twice daily for 4 weeks, reported decreased pain perception at different sequential balloon inflations, had an improvement in pain intensity and odynophagia frequency and a trend towards improvement in chest pain episodes.[@b97-jnm-25-487]

Alternative Medicine
--------------------

Different alternative and complimentary medicine approaches may potentially have a therapeutic effect in patients with FCP. Thus far, only energy healing, using Johrei therapy, was studied in FCP patients. In one study patients with FCP were randomized to Johrei therapy versus wait list (no intervention). After 18 Johrei sessions over a 6 week-period, those that received energy healing showed a significant reduction in symptom intensity score post treatment (*P* = 0.002), while those receiving no intervention (wait list) demonstrated no improvement during the same period of time.[@b98-jnm-25-487] Johrei was very well tolerated by patients.

Psychological Intervention
--------------------------

Several psychological techniques have been shown to be efficacious in patients with NCCP. There are no specific studies that targeted only patients with FCP. CBT have been studied extensively in NCCP patients, demonstrating improvement and even resolution of chest pain symptoms, improvement in health-related quality of life, and various psychological parameters.[@b84-jnm-25-487],[@b99-jnm-25-487]--[@b104-jnm-25-487] Other psychological interventions that have been shown to improve symptoms in NCCP patients include hypnotherapy, group psychological treatment, and coping skills.[@b86-jnm-25-487],[@b105-jnm-25-487],[@b106-jnm-25-487]

Hypnotherapy received more attention as an intervention for a variety of functional esophageal and other bowel disorders. In one small sample study, NCCP patients were randomized to hypnotherapy or supportive therapy plus placebo.[@b105-jnm-25-487] Patients received 12 sessions of 1 of the 2 interventions over a 17-week period. More patients who received hypnotherapy demonstrated a significant global improvement in chest pain (*P* = 0.008) and reduction in chest pain intensity scores (*P* = 0.046), as compared to those who received supportive therapy plus placebo medication.

Conclusions
===========

Current diagnosis of FCP follows the new criteria proposed by the Rome IV committee for functional esophageal disorders. All patients with NCCP should be evaluated for GERD, using the PPI test or empirical PPI trial and pH-impedance test or wireless pH capsule. An upper endoscopy can help to exclude esophageal and gastric mucosal abnormalities, as well as eosinophilic esophagitis using a disease-related biopsy protocol. Esophageal manometry is required to exclude major esophageal motor disorders.

The mainstay treatment of patients with FCP are the neuromodulators that primarily include anti-depressants (TCAs, SSRIs, and SNRIs), as well as other less commonly used and studied medications like theophylline and ondansetron. Psychological intervention, especially CBT, may be used solely or in combination with neuromodulators. Other psychological interventions like hypnotherapy and alternative medicine approaches may be considered as well. Unfortunately, most of the data on the management of FCP originates from NCCP studies, which did not attempt to specifically identify the FCP patients. Thus, future studies are needed to evaluate the proper management of Rome IV defined FCP patients.
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###### 

Underlying Mechanisms of Functional Chest Pain

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Esophageal hypersensitivityPeripheral and/or central sensitizationAltered central processing of esophageal stimuliAutonomic dysregulationAbnormal mechanophysical properties of the esophagusPsychological comorbidityHypervigilance
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Diagnostic Tests for Functional Chest Pain According to Rome IV Criteria

  Test                                       Pathophysiological mechanism to exclude   Benefits                                                                                                  Limits
  ------------------------------------------ ----------------------------------------- --------------------------------------------------------------------------------------------------------- ---------------------------------------
  PPI test                                   GERD                                      Low cost                                                                                                  Dose and duration not determined
  Upper endoscopy with esophageal biopsies   GERD/EoE                                  In presence of alarm symptoms rules out structural abnormalities                                          Needs sedation, variable cost-benefit
  Reflux testing                             GERD/reflux hypersensitivity              Wireless pH capsule allows up to 96 hr measurement. pH-impedance detects acid/nonacid/gas/liquid reflux   Uncomfortable, invasive, costly
  Esophageal manometry                       Major esophageal motor disorder           Gold standard for diagnosing motor disorders. In some of them defines treatment                           Uncomfortable, invasive, costly

PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease; EoE, eosinophilic esophagitis.

###### 

Sensory Testing in Functional Chest Pain

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Acid perfusion testBalloon distention testImpedance planimetryElectrical stimulationThermal stimulationMulti-modal stimulation test (thermal, balloon, and electrical)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Pain Modulators for the Treatment of Functional Chest Pain

  Class of drug                     Disorder   Dose                        N     Duration (week)   Results
  --------------------------------- ---------- --------------------------- ----- ----------------- -------------------------------------------------------------------------------------------------------------------
  TCAs                                                                                             
   Imipramine[@b45-jnm-25-487]      NCCP       50 mg/day                   60    3                 Reduction in chest pain frequency and intensity
   Imipramine[@b46-jnm-25-487]      NCCP       50 mg/day                   18    5                 Decreased median total number of chest pain episodes and number of moderate severity of chest pain episodes
   Amitriptyline[@b47-jnm-25-487]   FCP        10 mg + rabeprazole 20 mg   40    8                 Greater improvement than rabeprazole alone
  SSRIs                                                                                            
   Sertraline[@b49-jnm-25-487]      NCCP       50--200 mg/day              115   34                Significantly reduced initial and sustained pain intensity and pain unpleasantness
   Sertraline[@b48-jnm-25-487]      NCCP       50--200 mg/day              30    8                 Statistically significant reduction in pain compared with those who were receiving placebo.
   Paroxetine[@b51-jnm-25-487]      NCCP       10--40 mg/day               69    16                Percentage of responders between CBT and paroxetine and paroxetine and placebo was not statistically significant.
   Paroxetine[@b50-jnm-25-487]      NCCP       10--50 mg/day               50    8                 Paroxetine-treated patients showed greater (*P* \< 0.05) improvement.
  SNRIs                                                                                            
   Venlafaxine[@b54-jnm-25-487]     FCP        75 mg/day                   43    4                 Positive response was observed in 52.0% of patients during venlafaxine treatment.
  Other                                                                                            
   Trazodone[@b53-jnm-25-487]       NCCP       100--150 mg/day             29    6                 Significantly greater global improvement, reduction in ratings of chest pain in both treatment groups
   Theophyline[@b60-jnm-25-487]     ECP        400 mg/day                  24    4                 Decrease in number of painful days, chest pain episodes, pain duration, and its severity
   Dronabinol[@b58-jnm-25-487]      FCP        10 mg/day                   13    4                 Increased pain threshold and reduced pain intensity vs placebo

TCAs, tricyclic antidepressants; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin norepinephrine reuptake inhibitors; NCCP, noncardiac chest pain; FCP, functional chest pain; ECP, esophageal chest pain; CBT, cognitive behavioral therapy.
